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SUMMARY
Pinebarktanninsmustbesubjectedto sulphonationto haveanacceptablesolubilityin
waterfor thepreparationof woodadhesives.In thisstudy,severalextractionvariables
(sodiumsulphiteandureaconcentrationsin theextractionwhiteliquor,extractiontime,
bark/liquorratioandtemperature)wereassessedfortheireffectonextractionyield,andon
thephenol,sulphurandashcontentof extracts.Temperaturehadthehighestpositive
effectonextractionyieldandontheyieldof totalphenolsin theextract.Sulphurcontent
(i.e.,thedegreeof sulphonation)wasinfluencedmostlybysulphiteconcentrationi white
liquor,aswasashcontento
INTRODUCTION
Tanninsarea c1assof naturalvegetableproductsof phenolicnaturethatoccurin concentrated
formin manysourcesin nature,of whichthemostimportantfiom thecommerciallindustrial
pointofview arethebarkofblack wattle(Acadamearnsiiprev. molissima),theheartwood
of quebracho(Schinopsisbalansae)andthebarkof pine (Pinus sp.). Tanninscanundergo
condensationreactionswith formaldehydeor withmethylolgroupsandthis featurehaslong,
madetheminterestingfor thepreparationofwood adhesives(Pizzi, 1983).Therefore,tannins
havethepotentialfor replacingsyntheticoil-derivedchemicalslikephenolor urea.
The barkof maritimepine(Pinuspinaster)is easilyextractedfor formaldehyde-condensable
substanceswith highyields(upto 45%),providedextractionis madewith a strongalkaline
solution(e.g.,1-2%NaOH) (Vázquezet aI, 1986;Jorge et aI 1997a). AIso, theseextracts
seemtobeveryrich in formaldehydecondensablesubstances.The Stiasnynumberhasbeen
shownto havean inverserelationshipwith extractiontemperature:at20°C, Stiasnynumbers
ashighas105%havebeenobtained,butat 100°Ctheywerenearer75%(JorgeetaI 1997a).
When maritimepine bark alkalineextractswereincorporatedin a commercialPF resin in
percentagesrangingfrom O to 100%,thephysicalpropertiesof theresinswerenot reduced
whentestedin thedrystate(JorgeetaI 1997a).Moreover,pinebarktanninsalone,whenin
alkalinesolutionandwhenpressedat high temperatures(of the orderof 175°C),produced
tensilestrengthsandwork to failuresimilarto a PF resin,anddevelopedstrongbondswith
wood(JorgeetaI 1998).However,thereis aneedtoassessifthesepropertiesaremaintained
aftersampleshavebeensoakedin coldandhotwater.
A1thoughit is easytoobtainlargeamountsof pinebarkextracts,alkalineextractsdo nothave
sufficientsolubility for industrialexploitationaswood adhesives.An extractof maritime
barkobtainedwith 1% NaOH at 100°Chada solubilityof only 10%in waterand20% in 5%
NaOH (Jorge et aI 1997). Clearly,whenconsideringindustrialapplicationsfor pine bark
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extracts,theirsolubilityhasto be improved. Oneway to achievethis is by sulphonationof
theextracts(treatmentwithNazS03)(KreibichandHemingway,1987). The studypresented
herewas aimedat assessingthe effectof severalvariablesin the extractionof pine bark,
includingsodiumsulphiteconcentration,to obtaintheoptimumconditionsfor solubilisation
ofthe extractsto atleast40%in water.
MATERIALS AND METHODS
OriginandFirst ProcessingofPineBark
The treespeciesfrom which barkwas takenwas maritimepine (Pinuspinaster).It is the
main forestspeciesin Portugal,comprising37% of thetotalforestedarea. In termsof the
totalnationalterritory,maritimepinecovers11% of theterritory,andall forestspeciescover
37%(DGF). Bark wastakenfroma sawmillin thecentralregionofPortugal. Theageofthe
logsthataretakenby thesawmillis 30to 40years. Thebarkfor thiswork carnefromgreen
logsandwastakenatthetimelogswerebeingdebarked.
Prior to drying in an oven,bark was spreadon the fioor of a closedroom. Drying was
accomplishedin anovenfor 24hours,in which a currentof hotair at 100°Cfiowedoverthe
barkmattress.Driedbarkwasgroundin a hammermill topassthrougha screenwith 1mm
diameterholes.
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Table1: Variablesconsideredin thestatisticalplanningof the extractionstudy,
parametersmeasured.
Variable
ConcentrationofNazS03in thesolution
appliedfor extraction
Temperature
Bark:liquorratio(gimI)
Extractiontime
Concentrationof ureain thesolution
appliedfor extraction.
ExperimentalDesign ...
To studythe bark extractionprocess,a 25 factorialexperimentwas designed(Box etai:,
1978). Variables, levels and the pararnetersmeasuredas a result of the extractionâié
presentedin Table 1. Ureahasbeenreportedto promotetheextractionyieldsof pinebark
andthesolubilityof theextractsby actingasa strongnucleophilicagentthatpreventsself-
condensationreactionsof tanninmolecules(Sealy-FisherandPizzi, 1992). Therefore,
factorialdesigncomprised32extractionconditions,thataredescribedin Table2.
ConstantExtractionParameter
[NaOH] =2% in extractionsolution
ParametersMeasuredasResultof theExtractionConditions
Totalextractionyield
Ashesin theextractafterdialysis
Totalphenols
Totalsulphur
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Table2: Statisticalplanningfor thestudyof barkextraction.
Condition [Na2S03)Ttr[urea)
1
--- -
2
+-
3
+-
45
+
67
+
89
-
101
-
23456
+
71892012
. ..
23456
+
73
/
ExtractionProcedure
Extractionfor eachconditionwasreplicatedtwice. 100ml of 2%NaOH wasplacedin a
round-bottomedflask for eachextractionrun. The flaskwas placedin a controlled
temperaturewaterbathforaí20°C,or in anoil bathat100°C.Theappropriateamountsof
sodiumsulphiteandofureawereaddedafter.Whenthesolutioninsidetheflaskreachedthe
temperatureof thebath,a givenamountof barkwasaddedandstirredcontinuouslyfor a
giventime.
Onceextractiontimewascompleted,theextractionliquorwasseparatedfromthesolid
residuebycentrifugationat3,000rpm. Thesolidresiduewasthenwashedthreetimes,and
washingwaterswerecombinedwiththefirstportionof theextractionliquor. Thissolution
wasthenneutralisedwithconcentratedhydrochloricacid. To obtaina driedextract,water
wasevaporatedin anovenat104°Covemight.
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DialysisandAnalyses
A driedextractmustcontainaninorganicfractioncomprising:sodiumsulphitethatdidnot
react;sodiumchloridefromtheneutralisationf sodiumhydroxidewithhydrochloricacid.
ThesesaItsin theextractarecontaminantsanddonotcontributeto adhesionwhentannin-
basedadhesivesareappliedonwood.Ashcontentof extractswasthereforedeterminedvia
dialysis.
For dialysis,a membranewitha 1,000D-cut-off(Spectra/Por)with45mmfIatwidthwas
used. A givenamountof driedextract(2-5g) wasintroducedin a portionof 30cmof
membranecIosedatoneend,foIlowedbyadditionof 50ml of water.Theotherendof the
membranewascIosedanddiaIysiswasthenaIlowedtooccurin runningwaterfor 16hours.
Thedialysedextractsweredriedinthesamewayasfornon-dialysedextracts.
Totalextractionyieldwasmeasuredby differencein dryweightbetweenthebarkbefore
extractionandthesolidresidueafierextraction.The highestextractionyieldpossibleis
cIearlydesirable,providedthattheadhesionpropertiesof theresinsderivedfromtannin
extractsarenotdiminished.Ashcontentwasdetenninedat900°Cfor lhour. Ash content
shouldpreferablybe as low as possible. Totalphenolsweredetenninedby theFolin-
Ciocalteumethod,foIlowingCadahía(1997),usingcatechinasastandard.Thisresultgives
anindicationof thereactivityof theextractstocondenseandcrosslinkwithformaldehyde,
andit isdesiredtobeashigha1:;possible.TotalsulphurwasmeasuredwithaCHNS-analyser.
Afier diaIysis,sulphurthatremainsinsidethemembranemustbe associatedwith large
moleculesand this parametercan thereforebe usedas an indicatorof the extentof
sulphonation.Whenresultsfor replicatesampleshoweda coefficientof variability(ratio
standardeviationlaverage)higherthan10%,theseresultswerediscardedandnewextractions
andsubsequentanalysesweremadeagain.Thefactorialanalysisenabledthemaineffectsthe
variablestudiedhadoneachparametertobedetennined(Boxetai 1978).
RESUL TS AND DISCUSSION
Dialysis ,
Figure1showstheprogressof thedialysisof anextractobtainedby applyingcondition16~~~-·
(seeTable2). The massof theextracthatremainsinsidethemembrane(expressedaso
percentageof initialmass)andashcontent(expressecLin absolutenumbers)were-plotted=,~-c:;'-;_
againstime.Dialysiswascompletedafierabout6 hours.Afierthistimeabout60%ofilie
initialmassof theextractremainedinsidethemembrane,butthismassstillcontainedahigh
amountof ash(about28%). Furthermore,theverticaldistancebetweenthetwo plots
decreasedwithtime,indicatinglossesintheorganicfraction.
The highamountof ashafierdialysiswascompletedcanbe explainedby twokindsof ,
chemicalreactions:(1) sulphonationis regardedasa treatmentwhichresuItsin sulphonic
groupsbeingbondedtotanninmoleculesin theformof sodiumsulphonates(Fooetai 1983);
(2)someprotonsfromtanninfunctionalgroupsmustbereplacedby sodiumatthehighp!l
extractions,givingrisetotheformationofsodiumorganicsaIts.In fact,thereis adecrease1D
thealkalinityof theextractionsolutionbetweenthebeginningandtheendof theextraction•
ThepH of a2%NaOHsolutionis about13.8.However,if anextractionis madeat20°C
witha bark:liquorratio,r, of 1/10(glml)thenthepH afier15minbecomes13.1;butifthe
ratiois r =1/5,thenthepH lowersto12.6;ifthetemperatureis 100°C,withr =1/10finalpH
d • ,,-~,-..,.
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is 12.6;if ris 1/5pH lowersto 11.6.Therefore,alkalinityis consumeduringtheextraction
processandthisis promotedby temperatureandby theamountof barkpresentrelativeto
liquorvolume.Theneutralisationagentis likelytobeprotonsfromtanninmoleculesorother
organicmolecules.
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Figure 1:Progressofa dialysisofapinebarkextractwithtimewitha 1,000D membrane,in
termsof percentageof initial massof extractthatremainsinsidethemembrane
afiera giventime,andashcontent(percentage)of thatmass.
Effectsof Extraction Variables
Table3 presentstheresultsfromtheassessmentof theeffectsof thedifferentextraction
conditions(combinationsofthelevelsOf[N~S03]'T, t,r and[urea])onextractionyield,total
phenols,totalsulphurandashcontent.
Theaveragetotalextractionyieldforalltheextractionconditionswas26%.Temperaturehad
thehighesteffect(21%)on this yield,followedby thebmksolventratioJ-2.8%) and
extractiontime(2.6%). Sodiumsulphiteandureahadno signiticanteffect. Therefore,
extractionyieldis promotedby anincreasein temperatureandin extractiontime,andby a
decreasein theamountof barkpresentin a givenvolumeof extractionliquor. Lowestand
highestextractionyieldswere13%and46%respectively.
Duringthepreparationof dilutedsolutionsof extracts(30to40mgll00ml)tomeasuretotal
phenols,in manycasesthesamplesdidnotdissolvecompletely.Therefore,thisparameter
(termedtotalphenols)mustbe consideredmorecorrect1yas total solublephenols. The
overallaveragewas43%(ascatechin)andall thetiveextractionvariableshadsmallbut
signiticanteffects:temperature,4.4%,timeandbark:liquorratio,2.0-2.1%, [urea],1.8%,and
[N~S03]'-1.7%.Lowestandhighestvalueswere35%and50%.Thewayin which-eachof
thesevariablesinfluencetotalphenolsisverycomplexoIt isnotaquestionofextractingmore
or lessphenolicsubstances.Resultsarealsoinfluencedbychemicalreactions.Forexample,
in analkalinemedium,catechinundergoesrearrangementof ringA, givingcatechinicacid
withlossofreactivityforringA withformaldehyde(SearsetaI 1975).
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With respectothesulphurcontentof dialysedextracts,[N~S03]hadthelargesteffect(2.4%)
followedby bark:solventratioandtemperature(both-0.9%) andtime(-0.6%). This suggests
thatin theconditionstriedin thisstudytheextentof su1phonationis most1yinfluencedby the
sulphiteconcentrationof the extractionliquor, with temperaturehavingmuch less of an
influence.Theoverallaveragewas2.4%,withthe10westandhighestvaluesbeing0.0%and
5.8%. Thenegativeeffectsoftemperatureandtimemaybedueto theinstabilityof su1phonic
groupsin thepH range(13.8- 11.5)employedfor extraction.Sulphonicgroupshavea pH
stabilityrangeof 4 - 9. The negativeeffectof thebark:solventratio is due to a lower
availabilityof su1phiterelativetotheamountofbark.
The ashcontentof dialysedextractswas influencedprimarilyby [N~S03](5.5%),followed
by bark:liquorratio(-3.8%),by temperature(2.1%)andby [urea](-1.3%). As notedbefore,
sulphonationis mainlyinfluencedby sulphiteconcentration,whichalso.givesrisetomoreash
derivedfrom sodiumsulphonates.If thereis morebark for a givenvolumeof liquor, the
initialbark:sodiumhydroxideratiois lower,thusdiminishingtheextentto whichprotonsare
replacedby sodiumions. As discussedabove,thisreplacementof protonsby sodiumis a1so
promotedby temperature,which agreeswith the temperatureffecton ash. The fact that
extractiontime did have a significanteffect suggeststhat sulphonationand/or proton
replacementshouldbe relativelyfastreactionsin the conditionsusedin this study. The
overallaveragefor ashcontentwas 15%,with maximumandminimumvaluesof 21% and
7%.
Table3:Resultsfrom theextractionofpine bark:average,maximumandminimumvalueof
eachparameteranalysed,andmainejJectsof thevariablesassessed.Extraction yield
Total solublephenolsT tal sulphurAshes
(%)
(ascatechin,%)((%)
EstimateI
I StandardEstimateSt ndardEstimate
error
error
Average
26.1+/-0.143.432.4+/-05 3
Maximum
45.82 9 91.7 8521/-'
ini
13 0/-9 5 260 07
Effects [NazS03]
-0.- .75.
T
21+4 1
t
6-0 --.4~---0.
r
-2.7- 8:2-
[urea]
0.3/
CONCLUSIONS
Higheryieldsin theextractionofpine barkareobtainedathightemperatures(100°C)andan
increasein temperaturealsopromotestheyield in phenols. Higher sulphurcontentsof the
extractsareobtainedmost1ybyhighsulphiteconcentrationsin theextractionliquor. Dia1ysêd
extractshaveanacceptableashcontent,andthisparameteris primarilyinfluencedby sulphite
concentration.The bark:liquorratio has a negativeeffecton the extractionyield, on the
su1phurcontentandonashcontent.
However,whenconsideringanindustrialprocessfor theextractionof pinebarkit is unlike1y
that inorganic salts could be separatedfrom the extract. Not only would dia1ysisor
ultrafiltrationbeconsideredasveryexpensiveprocesses(tanninextractshaveto beascheap
aspossibleto competewithpetrochemicals),therewouldbetechnicalproblems.Dialysisor
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ultrafiltrationmembranesquieklybeeomebloekedandpinebarktanninsextraetedwith
alkalinesolutionshaverelativelylow moleeularweights(averagemolecuIarweightof the
orderof 1,000- 1,500(Jorgeatai 1997b)).Therefore,toprodueeanextraeti mustbespray-
driedwiththesalts. To haveaeeeptablel velsof ash(salts),thenlowereoncentrationsof
sodiumhydroxideandsodiumsulphitethantheupperlevelsappliedin thisstudywouldhave
tobeseleeted,evenif theygavealowerextraetionyield.
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